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Nanotechnology: A Policy Primer 



Summary 

Nanoscale science, engineering and technology — commonly referred to 
collectively as nanotechnology — is believed by many to offer extraordinary 
economic and societal benefits. Congress has demonstrated continuing support for 
nanotechnology and has directed its attention primarily to three topics that may 
affect the realization of this hoped for potential: federal research and development 
(R&D) in nanotechnology; U.S. competitiveness; and environmental, health, and 
safety (EHS) concerns. This report provides an overview of these topics — which 
are discussed in more detail in current and upcoming CRS reports — and two others: 
nanomanufacturing and public understanding of and attitudes toward nanotechnology. 

The development of this emerging field has been fostered by significant and 
sustained public investments in nanotechnology R&D. Nanotechnology R&D is 
directed toward the understanding and control of matter at dimensions of roughly 1 
to 100 nanometers. At this size, the properties of matter can differ in fundamental 
and potentially useful ways from the properties of individual atoms and molecules 
and of bulk matter. Since the launch of the National Nanotechnology Initiative (NNI) 
in 2000, Congress has appropriated approximately $8.4 billion for nanotechnology 
R&D. More than 60 nations have established similar programs. In 2006 alone, total 
global public R&D investments reached an estimated $6.4 billion, complemented by 
an estimated private sector investment of $6.0 billion. Data on economic outputs that 
are used to assess competitiveness in mature technologies and industries, such as 
revenues and market share, are not available for assessing nanotechnology. 
Alternatively, data on inputs (e.g., R&D expenditures) andnon-financial outputs (e.g. 
scientific papers, patents) may provide insight into the current U.S. position and serve 
as bellwethers of future competitiveness. By these criteria, the United States appears 
to be the overall global leader in nanotechnology, though some believe the U.S. lead 
may not be as large as it has been for previous emerging technologies. 

Some research has raised concerns about the safety of nanoscale materials. 
There is general agreement that more information on EHS implications is needed to 
protect the public and the environment; to assess and manage risks; and to create a 
regulatory environment that fosters prudent investment in nanotechnology-related 
innovation. Nanomanufacturing — the bridge between nanoscience and 
nanotechnology products — may require the development of new technologies, tools, 
instruments, measurement science, and standards to enable safe, effective, and 
affordable commercial-scale production of nanotechnology products. Public 
understanding and attitudes may also affect the environment for R&D, regulation, 
and market acceptance of products incorporating nanotechnology. 

In 2003, Congress enacted the 21st Century Nanotechnology Research and 
Development Act providing a legislative foundation for some of the activities of the 
NNI, addressing concerns, establishing programs, assigning agency responsibilities, 
and setting authorization levels. Both the House of Representatives and the Senate 
remain actively engaged in the NNI, holding hearings in 2007 and 2008 related to 
possible amendments to, and reauthorization of, the act. Policy issues related to the 
NNI may be addressed in this process or through separate legislation. 
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Overview 

Congress continues to demonstrate interest in and support for nanotechnology 
due to what many believe is its extraordinary potential for delivering economic 
growth, high-wage jobs, and other societal benefits to the nation. To date, the 
Science Committee in the House and Senate Committee on Commerce have directed 
their attention primarily to three topics that may affect the United States’ realization 
of this hoped for potential: federal research and development (R&D) investments 
under the National Nanotechnology Initiative (NNI); U.S. international 
competitiveness; and environmental, health, and safety (EHS) concerns. This report 
provides a brief overview of these topics — which are discussed in greater detail in 
current and upcoming CRS reports 1 — and two other subjects of interest to Congress: 
nanomanufacturing and public attitudes toward, and understanding of, 
nanotechnology. 

Nanotechnology research and development is directed toward the understanding 
and control of matter at dimensions of roughly 1 to 100 nanometers. At this size, the 
physical, chemical, and biological properties of materials can differ in fundamental 
and potentially useful ways from the properties of individual atoms and molecules, 
on the one hand, or bulk matter, on the other hand. 

In 2000, President Clinton launched the NNI to coordinate federal R&D efforts 
and promote U.S. competitiveness in nanotechnology. Congress first funded the NNI 
in FY2001 and has provided increased appropriations for nanotechnology R&D in 
each subsequent year. In 2003, Congress enacted the 21 st Century Nanotechnology 
Research and Development Act (P.L. 108-153). The act provided a statutory 
foundation for the NNI, established programs, assigned agency responsibilities, 
authorized funding levels, and initiated research to address key issues. 

Federal R&D investments are focused on advancing understanding of 
fundamental nanoscale phenomena and on developing nanomaterials, nanoscale 
devices and systems, instrumentation, standards, measurement science, and the tools 
and processes needed for nanomanufacturing. NNI appropriations also fund the 
construction and operation of major research facilities and the acquisition of 
instrumentation. Finally, the NNI supports research directed at identifying and 



1 For additional information on these issues, see CRS Report RL34401, The National 
Nanotechnology Initiative: Overview, Reauthorization, and Appropriations Issues, and CRS 
Report RL34493, Nanotechnology and U.S. Competitiveness, both by John F. Sargent, and 
CRS Report RL34332, Engineered Ncinoscale Materials and Derivative Products: 
Regulatory Challenges, by Linda-Jo Schierow. An upcoming CRS report will address 
nanotechnology environmental, health, and safety issues. 
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managing potential environmental, health, and safety impacts of nanotechnology, as 
well as its ethical, legal and societal implications. 

Most current applications of nanotechnology are evolutionary in nature, offering 
incremental improvements in existing products and generally modest economic and 
societal benefits. For example, nanotechnology is being used: in automobile 
bumpers, cargo beds, and step-assists to reduce weight, increase resistance to dents 
and scratches, and eliminate rust; in clothes to increase stain- and wrinkle-resistance; 
and in sporting goods, such as baseball bats and golf clubs, to improve performance. 

In the longer term, nanotechnology may deliver revolutionary advances with 
profound economic and societal implications. Potential applications discussed by the 
technology’s proponents involve various degrees of speculation and varying time- 
frames. The examples below suggest areas where such possible revolutionary 
advances may emerge, and early research and development efforts that may provide 
insights into how such advances may be achieved. 

• Detection and treatment technologies for cancer and other 
deadly diseases. Current nanotechnology disease detection efforts 
include the development of sensors that can identify biomarkers, 
such as altered genes, that may provide an early indicator of cancer. 

One approach uses carbon nanotubes and nanowires to identify the 
unique molecular signals of cancer biomarkers. Another approach 
uses nanoscale cantilevers — resembling a row of diving boards — 
treated with molecules that bind only with cancer biomarkers. When 
these molecules bind, the additional weight bends the cantilevers 
indicating the presence and concentration of these biomarkers. 
Nanotechnology holds promise for showing the presence, location, 
and/or contours of cancer, cardiovascular disease, or neurological 
disease. Current R&D efforts employ metallic, magnetic, and 
polymeric nanoparticles with strong imaging characteristics attached 
to an antibody or other agent that binds selectively with targeted 
cells. The imaging results can be used to guide surgical procedures 
and to monitor the effectiveness of non-surgical therapies in killing 
the disease or slowing its growth. Nanotechnology may also offer 
new cancer treatment approaches. For example, nanoshells with a 
core of silica and an outer metallic shell can be engineered to 
concentrate at cancer lesion sites. Once at the sites, a harmless 
energy source (such as near-infrared light) can be used to cause the 
nanoshells to heat, killing the cancer cells they are attached to. 
Another treatment approach targets delivery of tiny amounts of a 
chemotherapy drug to cancer cells. In this approach the drug is 
encapsulated inside a nanoshell that is engineered to bind with an 
antigen on the cancer cell. Once bound, the nanoshell dissolves, 
releasing the chemotherapy drug killing the cancer cell. Such a 
targeted delivery approach could reduce the amount of 




